CEA (Controlled Environment Agriculture) is an advance technology for the production of biological materials, such as, food, flowers, and plant byproducts for commercial application. To establish successful operations, education, training, and experience for the system operators are required. In fact, assuming good system design, it is experience which may be the most important factor in the success of a CEA operation. Decision support from off-site consultants or other support groups can be beneficial to help the operation, but to provide an effective response, they require environmental information and plant status, as well as, easy access to sufficient data about the current and recent history of operations of the mechanical systems and the biological components. Telepresence procedures, which can be defined as practices which provide a representative environment for humans who then control devices and hardware within distant, hostile, or unique environments, can improve remote decision support of CEA facilities. The CEAC (Controlled Environment Agriculture Center) at the University of Arizona in Tucson, not only includes CEA classes for the on-campus education of undergraduate and graduate students, as well as, post-graduate growers and industry professionals, but also technologies for telepresence activities. To leverage educational reach, to complement research goals, and to utilize collective expertise which is not always onsite or available, a number of non-traditional decision-support activities have been established. Telepresence practices can substantially sustain or improve distant production systems through environmental monitoring, controlling, decisionsupport of operations, crop diagnostics, system diagnostics, and distance education, by using web cameras, climate control computers, and email. These procedures provide the information that grower operators often omit or overlook, and provide experiences and information for improvements of distance-education and support practices. Furthermore, these practices have provided effective support despite the inter-personal challenges of remote operations where operator (on site) and advisors (located elsewhere in the world) may have never met, nor have previously developed a level of mutual confidence and trust.
INTRODUCTION
CEA (Controlled Environment Agriculture) is an advanced technology for the production of biological materials, such as, food, flowers, and plant byproducts for commercial application. To achieve successful outcomes in greenhouse operations, Giacomelli Section 6, Environmental Control, ISHS, Korea edited per reviewer education, training, and experience is required for the operators. Experience may be the most important factor which determines the success of CEA. Decision-support from offsite consultants or other support groups can only be beneficial and effective if based on environmental information and plant status, as well as, sufficient data about the current and recent history of operations of the mechanical systems and the biological components.
Large-scale CEA corporate operations (5 to 40 ha) generally have one (or more) highly qualified person(s) with expertise and experience in CEA. This person becomes the resident advisor, who is available to provide consultation to the remaining work force. Should other more highly specialized information be required, then outside consultants are temporarily employed. Within smaller, typically new operations (1/2 to 5 ha) such as family greenhouse operations, such onsite experience may not be available, and bringing a consultant to the site may not be an affordable option. Web-based telepresence technologies may provide many smaller CEA growers the same expertise and availability as a larger grower. A contract consultant for CEA could develop a business relationship with several small operations, and provide decision-support for their plant nutritional program, plant protection program, and crop quality and yield through a combination of onsite visitation and telepresence.
The modern grower has to be horticulturist, agri-businessman, mechanic, salesman and marketer. Telepresence will allow him to contract the horticultural expertise out to a consultant in a more cost-effective way.
Telepresence can be defined as technological applications and practices which provide sufficient information for expert advisors to operate devices and hardware within a remote, real-time environment. Telepresence assisted the NASA Apollo astronauts in their geologic field work during their extra vehicular activities on the Moon in the early 1970"s. A video camera became the "eyes" for the astro-geologists at NASA on the Earth. Teleoperation is performing work "at a distance", based on information determined by telepresence technologies. The term, "distance", may mean large physical distance such as an extra-terrestrial application, or a distance of scale, for example the use micromanipulator technology to conduct surgery on a microscopic level. Telerobotics is a specialized teleoperation, whereby a robot device or manipulator is controlled from a distance, typically with wireless communications.
In all circumstances there are three essential sub-systems for telepresence activities between a home site and a remote site. There needs to be:  a home site technology which interfaces the user to the communication link,  a communication link which interfaces to the home site and the remote site, and,  remote site technology which interfaces with the communication link. The goal and ultimate value of combined use of telepresence, teleoperation and telerobotics, remotely is to obtain "information" that with "intelligence" capabilities [computer or human] leads to "knowledge".
This knowledge then leads to "understanding" of a situation, so that "control" can be implemented to complete an "operation", and thus enhance or mitigate a situation.
Modern CEA researchers and businesses have successfully utilized similar practices for teleagriculture including crop decision support and plant diagnostics. Teleagriculture uses information acquired remotely to help diagnose an abnormality, resolve a question, or verify a state of an event. This may be for the biological aspects of the plant in production, or the physical concern of a hardware system, or an operational/managerial concern for resources, labor time, labor satisfaction, or the more general mission concern for goals, expectations, safety, or success/failure.
Applications of telepresence for science are many, as described by Ardanuy et al., 2006 , including an underwater observatory (PRIMO) located in Antarctica under 130m of water for internet-based teleoperation for scientist, educators, students to view a daily profile of environmental and biological data from sea floor to surface of the water environment. In an atmospheric application, telepresence is used for monitoring wavelengths ranging from the visual to radio to magnometers which monitor the atmosphere, ionosphere, and the magnetosphere. http://www.polar.umd.edu/instruments.html Telerobotics technology has provided an autonomous robot for the Antarctic Search for Meteorites Program (http://www.bigsignal.net/2000/index2.html). The result was NOMAD an autonomous robot, "a new kind of geologist", that searches the continent for meteorites and has the onboard intelligence to classify indigenous rocks using a high resolution camera, and a visible-near infrared reflection spectrometer, that approaches the immediate surface of a rock by means of a manipulator arm. Its autonomy is ensured in part by the on-board rangefinder which is able to detect obstacles, and Yaw-Pitch-Roll sensors to determine rough terrain.
There have been at least 4 successful excursions, see http://www.frc.ri.cmu.edu/projects/meteorobot2000/expeditions/.
The most recent excursion of NOMAD was the Big Signal project that allowed public access. More recently EventScope provided telepresence Mars exploration by 3-D data from the Mars Rover missions of "Spirit" and "Opportunity".
Telemedicine has had the most applications ranging from teleradiology (portable X-ray), teleultrsound (ultrasound scanner), Ophthalmology (microscope), and teledentistry (dental X-ray), each supported by a combination of video conferencing, satellite phones, document scanner and patient and pharmaceutical databases. All combine to offer remote medical help (Ardanuy et al., 2006) .
Other applications of interest are for education, advertising, sales, and entertainment. Tour operators would be able to use telepresence to allow potential customers to sample holiday locations. Telepresence systems could be incorporated into theme or nature parks allowing virtual access to many who could never travel to the site.
The CEAC (Controlled Environment Agriculture Center) at the University of Arizona in Tucson, not only includes CEA classes for the on-campus education of undergraduate and graduate students as well as post-graduate growers and industry professionals, but also technologies for telepresence activities. To leverage educational reach, to complement research goals, and to utilize collective expertise, which is not always onsite or available, a number of non-traditional decision support activities have been established.
The SPFGC (South Pole Food Growth Chamber) project began as a contract for a deliverable product that could produce fresh vegetables at the Amundson-Scott New South Pole Station, the USA South Pole research station located at the South Pole in Antarctica . After its successful establishment, and operation, it has become a remote site for education and research with the help of telepresence practices.
The South Pole Food Growth Chamber (SPFGC)
Giacomelli Section 6, Environmental Control, ISHS, Korea edited per reviewer When fresh food products are impossible to provide because local climate conditions are hostile or transport is not feasible, then CEA using hydroponics can become the technology for local production. Antarctica is the coldest (-89 C,-128 F, Vostock 1983) , driest continent (frozen desert 5% relative humidity), with total darkness (4.5 months) and continuous daylight (4.5 months) each year. Yet interest in science, engineering, and space travel takes mankind there to study, learn, and live, year around. All provisions, except water and air, must be brought in for life-support, at great expense. However, it is protected by the 1978 Antarctic Conservation Act which prohibits the importation of soils and plants to the continent, but allows for local edible food production.
The University of Arizona"s Controlled Environment Agriculture Program (UA-CEAC) in combination with Sadler Machine Company, Tempe, Arizona, was contracted to design, construct, test, and support operations (remotely) for South Pole Food Growth Chamber (SPFGC) that was to be located at the Amundson-Scott New South Pole station. The SPFGC was funded by the National Science Foundation"s Directorate for Education and Human Resources for the Office of Polar Programs (NSF/OPP). The chamber was built at UA-CEAC and re-constructed at the South Pole station, and is currently operated by Raytheon Polar Service Company (RPSC). The SPFGC is an enclosed structure designed specifically to be housed within the climate controlled South Pole station (typically 16C, 10% RH, 500 ppm CO 2 ). It included a 23 m 2 food production area and an adjacent 13 m 2 sitting room which are separated by a glass wall providing Station employees not only a full view of the plants in production, and subsequent fresh salad crops, but also live, aromatic, green plants (including lettuce, herbs, tomato, pepper, cucumber, cantaloupe, edible flowers, and other greens). In addition to the diet supplement the vegetables provide, the facility offers a warm, humid and well-lighted environment that station personnel can enjoy during their free time.
Operation began June 21, 2004, followed by more than a year of system tests. Full automation was achieved in 2006 and the facility now sustains continuous operation at desired production levels. The yields within the chamber have reached 45 kg of fresh vegetables per week, however, typical yields within the chamber have provided the winter-over crews of 64 people with 27 kg of fresh vegetables, including lettuce greens (10 kg), cucumbers (15 kg), herbs (0.5 kg), and tomato and squash (1.5 kg) each week.
The 8.5 m by 5.5 m by 2.6 m tall SPFGC was divided into three rooms, the largest being the Food Production Room (4.3 m x 5.5 m) for intensive crop cultivation, and adjacent to it, separated by a glass wall, was an Environmental Room or sitting room (4.3 m x 3 m) for station personnel to visit. A Utility Room (1.2 m x 8.5 m) located adjacent to the other rooms contained the computer-based control systems, power source, water pumps, and plant nutrient feed system (Fig 1) .
The food production room was lighted by 12, 1000 W high pressure sodium, horizontally mounted lamps, which are surrounded in water-filled, quartz glass envelopes as part of the lamp cooling system (Giacomelli et al, 2003) . These lamps were the only source of light for plant growth. The water-cooled lamps removed approximately 50% of the heat generated by the lamps. The remaining heat was removed by the air handling (HVAC) system. PAR was reduced 9% as a result of the double-walled, water-filled glass envelopes. The lamps were located directly above the access walkways and were mounted at the ceiling in two rows of six lamps each (1 m on center), providing a horizontal centerline lamp position which was 2.2 m above the floor, and a lamp density of 0.52 lamps per m 2 . A minimum of 400 µmol m -2 s -1 PAR was provided at a distance of 1 m below the lamps, throughout the chamber.
The carbon dioxide (CO 2 ) enriched atmosphere was automatically maintained at 1000 ppm, which was especially critical at the reduced atmosphere of the 3350 m equivalent elevation. The carbon dioxide was added from high pressure cylinder bottles, when the carbon dioxide sensor in the food production chamber was below 800 ppm during the photoperiod.
Plants were grown in a double-pass tray design, Nutrient Film Technique hydroponic (NFT) system, without any soil and only a small seed germination cube to establish a transplant. The tray was designed for the inlet nutrient feed and the resulting drain to occur at the same end of the tray, thereby simplifying the water distribution system. Furthermore the tray design reduced the blockage of the drain by the plant roots. Nutrient water was continually re-circulated, and water soluble nutrients, water and acid or base (as required to maintain pH) were automatically added to maintain desired concentration. The nutrient mixing system provided only one nutrient solution composition for each of the three nutrient delivery systems, therefore all crops received the same formulation, although pH and EC could be controlled at different levels within each of the three nutrient delivery systems.
There were three independent nutrient delivery systems, allowing for re-planting and system maintenance without complete shutdown of the entire chamber (Fig. 2) . Each system consisted of NFT trays with the plants, 380 L of nutrient storage tank capacity, located beneath each system within the food production room, and plumbing to connect to a nutrient delivery pump located within the Utility Room. The storage containers consisted of two, 0.4 m diameter PVC water pipes that were 5.5 m long. Nutrient water was continuously pumped from the storage containers to the inlet of each NFT trough at a rate of 0.5 L min -1 . Simultaneously, a percentage (~10 -15%) of the nutrient water was not returned to the nutrient delivery system, but was continuously bypassed through the nutrient mixing system located within the Utility Room. The nutrient mixing system monitored the nutrient solution EC and pH, and would add concentrated nutrients, acid or base from stock tanks, by means of positive displacement peristaltic pumps, into the bypass solution, and then return it to the nutrient storage containers. This procedure would maintain the nutrient solution setpoint EC and pH at approximately 2.5 mS cm -1 and 6.5, respectively.
The nutrient delivery system located within the center of the chamber produced tall or broad crops, including tomatoes, peppers, cucumbers, squash and cantaloupes. It consisted of one row of three NFT trays 0.45 x 1.8 x 0.1 m (W x L x D), formed of rigid 4 mm PVC, which were placed end to end to create a continuous center row 5.4 m long. On either side of the center row, were walkways for access to the center row. Opposite the walkways were wall-mounted racks (an upper and lower level) which supported NFT trays 0.08 x 1.0 x 0.06 m (W x L x D) for the production of the small crops including lettuce, herbs, and strawberries. These comprised the remaining two nutrient delivery systems.
To maximize the number of plants, and production area of the chamber that was lighted by the lamps, the upper level troughs were adjustable relative to the floor, and they were typically fixed at 1m above the floor. The lower level of troughs, were fixed at Giacomelli Section 6, Environmental Control, ISHS, Korea edited per reviewer a height of 0.6 m above the floor, and they were located in the walkways when access to the plants was not required. They were mounted on roller slides, and they remained in the walkway for access to full light during the production period, however, they were rolled towards the outer walls, and beneath the upper level troughs, when walkway access was required.
Remote Diagnostics through teleagriculture practices
The SPFGC located at the Amundson-Scott New South Pole Station in Antarctica (Fig. 3) was operated by a volunteer staff of station personnel, interested in plant production (Fig. 4) . The chamber utilized an Argus Climate Control system that automatically monitored and controlled the root and aerial environment of the plants. It then communicated data to the UA-CEAC via the Web, through an 18,000 km satellite connection which allowed CEAC personnel (graduate and undergraduate students) to monitor the chamber in real-time, alter set points and control strategies, and help foresee operational problems. During the eleven hours of daily satellite access to the South Pole, remote control included the capability of adjusting chamber automation via the Argus programming software which was supported by 74 sensors responsible for monitoring air and nutrient solution temperature, air humidity, photoperiod, atmospheric carbon dioxide concentration, air circulation, setpoint alarms, hydroponic nutrient and acid/base injection for modifying the nutrient solution, as well as, system alarms that monitored the safety, maintenance, and operational status of the food growth chamber systems. For example, the lamp water cooling system was highly critical for maintaining 30 C surface temperature of the water jacket to prevent damage to the plants. Therefore water flow, water pressure, and water temperature within the lamp cooling system were monitored simultaneously, and lamp shutdown would immediately occur should any parameter exceed its allowable range.
A web camera (Sony SNC-RZ30N Network camera) allowed direct access for live video from the chamber for employing telediagnostic procedures for crop production support. The remotely operated PTZ (pan, tilt, zoom) camera, in combination with the web-based communications package of the Argus Climate Controller, provided both real time environmental and operations data, and live crop growth responses, simultaneously. Monitoring plant response to environment was by visual means only. However, with telepresence the effect of the environment and plant response is determined and then utilized for providing decision-support to the food growth system operator.
The University of Arizona, CEAC advising/supporting team for the SPFGC project included CEAC faculty Dr. Merle Jensen, Professor Emeritus Plant Sciences, Dr. Chieri Kubota, Plant Sciences, and Dr. Patricia Rorabaugh, Plant Sciences; also Efren Fitz, graduate student Agriculture and Biosystems Engineering Department (ABE), Jenn Nelkin, former Plant Sciences graduate student, and Brent Salazar, Plant Sciences undergraduate student. In addition, Mr Phil Sadler, Sadler Machine Company, Tempe, Arizona, who envisioned and constructed the FGC was readily available. Information and observation was completed daily, followed immediately by a hierarchical dissemination of information depending on the importance of the situation. Most of the advisors were rarely called upon, unless the daily operations manager could not resolve a problem. Weekly conference meetings were completed to keep the primary team updated on the SPFGC activities. Success of the SPFGC has, in part, occurred because of the telepresence practices, but also because of the commitment of the RPSC management both at the South Pole Station and at their headquarters in Colorado. In addition, the volunteers who worked within the food growth chamber helped assure production quality, and system reliability. Finally the integrated hardware design of the food growth chamber considered both the control of the physical environment, as well as, the nurture of the plant systems, and was comprised of systems that were previously tested, were of relatively simple design, or were comprised of commercially available components.
Operations Data and Management Experiences
The South Pole Food Growth Chamber project offered more than the production of fresh vegetables, and operational information. It provided an opportunity to provide decision support to a successful plant production system from a remote site without an opportunity to visit the site. Most will never be at the South Pole, yet we can understand what is occurring there because of telepresence.
The goal was to provide a good environment, and achieve good yields. Success required that daily and chronic problems, that included physical, biological and operational problems, would be resolved. In the process the advisor and the onsite operator would learn the management and social skills associated with teaching and learning when the teacher and student were always separated. It became further complicated when there were multiple advisory sites, in this case Tucson, Arizona home of the CEAC, and Denver, Colorado, home of the Raytheon Polar Service Company. The following are some experiences and information obtained during the 2006 season.
 Species (and cultivars) successfully grown were: Tomato (Tumbler, Cherry, Quest); Lettuce (Little Caesar Romaine, Mini-Romaine, Green Oak Leaf, Red Oak Leaf, Red Sails); Squash (Sure Thing Hybrid); cucumber (Jwell), Pepper (Jalapeno, Habanera, Bell (Islander F-1)); Strawberry (Alpine, Picnic); Spinach (Baby"s Leaf); Cantaloupe; Herbs (parsley, cilantro, nasturtium, rocket, spearmint).  Average electrical power demand during the 17 hour photoperiod was approximately 16 kW (15973 ± 1810W), while the dark period was approximately 3 kW (2911 ± 309 W). The largest power demand during photoperiod was the photosynthetic lighting, followed by the two HVAC air handler motors, and the three nutrient delivery pumps.  Consumables for operation, primarily included seeds and fertilizers, but also spare parts such as lamps, sensors and filters.  Gas leakage from the plant production room was estimated to be a rate of 1 ppm per minute as determined by a depletion test using CO tracer gas.
 Air temperature (24/19 C, D/N), and relative humidity (58-64 %) were maintained. The primary water vapor source was from crop transpiration, however a humidifier was available for initial periods when plants were young and small.  Plant water use was required a maximum of about 150 L day -1 for the entire food growth chamber, or approximately 50 L day -1 per each of the three independent growing systems, depending on the maturity of the crops.  Volunteer teams help support operations and primarily focused on plant care and harvest. They were under the supervision of the CEA technician. Training of these seasonal employees was not possible in advance of their arrival on site. All experience was provided by the CEA technician, and through telepresence. Volunteers were organized into two sets, those for plant care, and those for system operations. Team leaders were "winter-overs", or those remaining for an entire year. This would assist in a smooth transition of newly arrived volunteers. Volunteers were paid 7 US$ per hour, and divided their work time to have at least one team member available for work each day. The plant care volunteers were divided into two groups, one that would manage the left side of the chamber and the tomatoes, and another that would manage the right side of the chamber including lettuce and herbs, and the cucumbers. The systems operation volunteers were briefed on the major components of the FGC, were provided an operations manual, and met twice weekly to help monitor and fix system components.  Volunteers maintained a log of data not recorded by the Argus Control System. It included the number of volunteer hours in the chamber. Plant data recorded included the species and cultivars planted, the date seeded, date germinated, date transplanted, date harvested, and quantity harvested (number of fruits/heads and weight). Maintenance data included manual EC and pH measurements for each storage reservoir, dates of meter calibration, dates reservoirs were maintained, inventory, problems, and troubleshooting procedures used to fix systems.  Greatest system component failures were the sensors used for preparing the nutrient solution within the nutrient maintenance system.
Antarctic Opportunities for Mars/Moon Analog
The SPFGC was an extremely unique application for CEA technology. However, operational and design experiences at the SPFGC provided an educational opportunity for researchers interested in NASA"s Advanced Life Support efforts (Sadler and Giacomelli, 2002) .
Bioregenerative Life Support may provide the primary life support for surface crews living in buried habitats on the Lunar or Martian surfaces. Crewmember"s time will be extremely valuable and the greenhouse may be operated, in part, by a humanoid robot. This would allow the majority of the greenhouse operations to be directed by a large network of experts from Earth. The robot would feed the information directly to these individuals through NASA mission control. The human crewmembers would only assist in its operation when there were functions that robot could not accomplish, or possibly for crewmembers recreation.
The Antarctic environment was more forgiving than the environments of the Moon or Mars, but it represented the closest analog Earth can provide for food production system interactions with people. By monitoring the South Pole Food Growth Chamber's energy consumption, its use of materials, vegetable production, labor requirements, and feedback from station personnel, we expected to quantify the operations, improve the management and develop the logistics of coupling humans with controlled biological systems for life support in hostile and remote environments. This work will continue and be reported within future publications.
Education, Outreach, Consultation and Promotion
Other projects that utilized telepresence procedures for education, outreach, consultation and promotion of CEA programs and activities at CEAC are described below.
Two types of Web cameras were used for telepresence efforts at CEAC. One is fixed and not controllable, and another has remote control capabilities. The Axis 2100 Network Camera (Axis ) has a build in web server and a RJ45 port for Ethernet connectivity.
For more information see http://www.axis.com; http://www.axis.com/techsup/cam_servers/cam_2100/?tab=datasheets Tomatoes Live! project uses the Axis camera.
Another camera is a Sony SNC-RZ30N Network camera. (Sony Corporation, 2004) . This camera has Pan/Tilt/Zoom capabilities. It also has an Ethernet port (RJ45) and 2 slots for PCcard devices (wireless card or memory). This camera was used at the South Pole Food Growth Chamber, as well as, in three research/demonstration greenhouses at the CEAC. One is a commercial demonstration for a production greenhouse, another is for an agricultural products company supporting research, and the final is for the Mars inflatable greenhouse.
The following page includes links to each of the individual web cameras. http://ag.arizona.edu/ceac/live/CEAC_live.htm
Tomatoes Live! Web-based Monitoring and Control
The WWW/Internet was utilized for communication and education in real-time, and anytime from any remote location directly into the greenhouse to obtain environmental data and plant images.
A dynamic website for CEAC (http://ag.arizona.edu/CEAC) was developed and included: educational, research and extension activities, programs and information, as well as, live, real-time monitoring of plant growth (Tomatoes Live!) within the hydroponic greenhouse. This system was useful not only in ongoing research, but also in academia where daily visits to the facilities were not possible, in large production systems where qualified staff was limited, or in production systems located in hostile environments such as the South Pole or Mars. This effort was part of a PhD research project of Efren Fitz-Rodriguez, ABE graduate student, in cooperation with Drs. Chris Choi (ABE) and Chieri Kubota (PLS). See http://ag.arizona.edu/CEAC/tomlive/index.htm
Intensive Training, Remote and Long-term Support and Consulting
A training program, created by a partnership of university educators, economic development planners, and international business developers called GroLive, combined classroom training and greenhouse experiences in an interdisciplinary approach (Craven et al, 2006) . Greenhouse growers and business owner/managers in CEA need intensive training and continuing professional support as they develop the knowledge, expertise, and confidence to achieve the quality, the production, and the revenue goals of a successful business venture.
The training/consulting program was organized into distinct educational phases, which begins with hands-on training skills, classroom lectures, written support materials, and confidence building in the experiential capacity of the instructors. It evolved into distance consultation by teleagriculture using modern web-based communication technologies. Initially the instructors focus on problem-solving techniques that require the use of web for communication, and digital cameras for sensors providing data, such as in the form of high resolution digital images for remote diagnostic support.
The speed and clarity of communication is important. Given the high degree of sensitivity of hydroponic crop processes to environmental conditions, the major benefit of this approach was to increase the speed with which a diagnosis was reached and a solution was implemented. Consultation in this manner has been successfully used for many years by individual consultants. The instructors focus on problem-solving techniques that will facilitate the use of web or digital cameras for remote diagnostic support which will be used wherever technically possible.
Web casting from South Pole
Live educational programs have been made available from the most remote locations. A demonstration project was completed to host live web broadcasts from the South Pole Food Growth Chamber. The webcasts were short educational demonstrations of CEA and hydroponics technologies, that included the uniqueness of the application at the site. Several local Tucson schools participated either by internet connection to the CEAC classroom, or by traveling to CEAC.
Long distance learning via web broadcast from the South Pole has demonstrated how telepresence can take the classroom anywhere in the world. Students were able to get answers to their questions in real-time. By giving the classroom a real sense of "being there", telepresence provided the potential to connect the student to the world in a way never before possible. Per person, it costs approximately $7,000 to fly to the South Pole, and $1,800 a day to stay -with telepresence such journeys in learning become affordable.
CONCLUSIONS
Use of telepresence procedures successfully provided both a live and a virtual environment for teleagriculture support of the South Pole Food Growth Chamber, as well as, other applications. Telepresence improved the remote food production system through environmental monitoring, hardware control, decision-support of operations, crop diagnostics, system diagnostics, and distance education, using web cameras, climate control computers, phone conferencing, and the internet. The potential was evident for the applications tested. The future potential for all CEA facilities remains to be developed and determined. 
